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ABSTRACT

Thegoal of the Agriculture-Based Remediation Program (ABRP) isto strengthen bioremediation
skillslocally, nurture a bioremediation industry that can serve Hawaii and other locationsin the Asia-Pacific
region, assist Hawaii'senvironmental industry inimplementing efficient and cost-effective bioremediation
technologies on acommercial scale, and increase public awareness of agriculture-based remediation technol o-
gies. Particular emphasisis being given to ABRP-supported projects and technologies; filling critical voidsin
analytical and other industry-supporting capabilities within the environmental field; and working with the
Governor’s Millennium Workforce Devel opment I nitiative Subgroup on Environmental Science and Technol-
ogy, which isfocused on strengthening the environmental workforcein Hawaii.

The goal for Information Dissemination and Outreach isto provide training to university and
secondary-education faculty and government agencies; offer courses and hands-on training in environmental
remediation to secondary-school and university students, provide post-graduate professional training; and
disseminate information on bioremediation activitiesthat are taking place under ABRP.
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INTRODUCTION

Bioremediation— the gpplication of
biologica processesto addressenvironmental
problems— isamong thetechnol ogiesbeing
touted to treat contaminated soilsand water
sources, and to processwastes. Thereare
sgnificant advantagesto usng bioremediation
over other approaches. Mot bioremediation
processes can be performed in-situ, which
reduces cost and disruption to operations,
amplifieslogigtics, and minimizesliability.
Unlikemany traditiona methodsthat rely solely
ondisposd or containment, bioremediation
usualy aimsto decompose pollutants, and
thereforerepresentsapermanent strategy,
minimizinglong-termlighility.

Thisreport describestheUniversity of
Hawaii’scomponent inthe Agriculture-Based
Remediation Program (ABRP). The ABRP
amsto strengthen bioremediation skillslocally,

nurture abioremediationindustry that can serve
Hawaii and other locationsinthe Asia-Pacific
region, and increase public awvareness of
agriculture-based bioremediation technologies.
Various demonstration projectsare underway
aroundthestate. The purpose of these projects
istodemonstratethe utility of bioremediation
technologiesonacommercid scalewithin
Hawaii, and to demonstrate that thelocal
industry iscapableof implementing efficient and
cost-effective bioremediation technologiesat
military and civilian Stesthroughout theAsa
Pecificregion. These projectsinclude 1)
building aconstructed wetland to treat sewage
wasteat aNavy ingtdlation, 2) composting
sewage dudge and green waste, 3)
phytoremediating apesticide-contaminated
aquifer, 4) phytoremediating explosives-con-
taminated soils, 5) remediating wastewater using
ecol ogical engineering, 6) bioremediating
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contaminated sediments, and many other
projectsaround the state. Work at the univer-
gty fallsunder two categories. (1) Technology
Devel opment and Capacity Buildingand (2)

I nformati on Dissemination and Outreach.

TECHNOLOGY DEVELOPMENT AND
CAPACITY BUILDING

The primary objectiveof thefirst compo-
nent, Technology Devel opment and Capacity
Building, isto strengthen biologically based
environmenta remediation skillswithinthe
environmenta workforceof Hawaii. A skilled
environmental workforceisneeded to support
themilitary and agricultura sectorslocally and
nationally, and help develop abioremediation
industry that hasthe capability of sharing tech-
nologiesand servicesinternationaly. By assess-
ing the appropriatenessof current
bioremediation technol ogiesand the profes-
sional pool inHawaii, resources can betargeted
towardsstrengthening any deficienciesand
building uponthestrengths. A survey of local
environmental companieswas conducted and
distributed to identify thetypesof services
related to bioremediation that areaready
avallableinHawaii. Fromthissurvey, aprofile
of thetechnologiesand servicesthat are offered
by local firmshasbeen compiled andispre-
sentedintheHawaii Bioremediation Database
(Figurel). Thedatabasecontainsalist of
companiesthat offer servicesinthe areasof
consulting, contracting, equipment, andyss, and
microbe/nutrient distributionwithinHawaii. The
database a so contains descriptions of severa
bioremediation technol ogies so that thegenerd
public can becomemorefamiliar with theterms
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Figurel. TheHawaii Bioremediation Website
(http:/Mmww.hawaii.edu/abrp/).

and concepts. The database can be accessed
at theHawaii Bioremediation Web site (http://
www.hawaii.edu/abrp/). ThisWeb siteaso
includessummariesof thevariousdemonstration
projectsand activitiesthat are occurring under
the ABRPprograminHawaii.

A Bioremediation Commercidization
Workshopwasheldin early August 1999. The
goal of theworkshop wasto identify weak-
nessesand barriersto thewidespread adoption
and marketing of bioremediationtechnologiesin
Hawaii, and to devel op strategiesand actions
that will overcomethese barriers(Figure2).
Representativesof industry, academia, regul at-
ing, and economic devel opment government
agencieswereinvited. Speakersrepresented
theEPA, mainland and loca environmental
consultants, all branchesof the U.S. Department
of Defense, Hawaii’sDepartment of Hedlth,
andthe University of Hawaii. Presentations
covered military bioremediation programsfor
soil and water resources; regulators, users’ and
serviceproviders perspectivesontheprosand
consof bioremediationin Hawaii; examplesof
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Figure2. Brochurefromthe Bioremediation
Commercidization Workshop.

successful bioremediation projectsonthe
mainland; and the Agriculture-Based
Remediation Program. “Ingtitutional, Regula-
tory, Technical, and Educationa Barriers’ and
“ Solutionsfor the Commerciaization of
Bioremediationin Hawaii” werethetopicsof
two pand discussons. Theculminating event
was breakout sessonswherefivegroups
discussed and devel oped solutionsinthe
following categories. 1) Training and Capacity
Building, 2) Technology Development and
Demondtration, 3) Industrial, Regulatory, and
Public Acceptance, 4) Building Partnerships,
and 5) Identifying and Developing New Mar-
kets. The presentationsand summariesof
discussionsare being compiledinto the
Bioremediation Commercialization Workshop
Proceedings (to be published).

Application-focused research projects
arebeing carried out to strengthen

bioremediation capabilitiesand nurturea
bioremediation industry inHawaii. Oneex-
ampleisthe development of abioremediation
filter, which treatsand recycleswastewater from
an aguacultureoperation. Origindly, thewaste-
water wassimply flushed fromthe system, and
replaced with freshwater. Thenew system
alowswater to berecycled, thusconservingthis
important resource, aswell asalowing ahigher
density of fishto bereared andincreasing
productivity and profit.

Deve opment of Hawaii’ sworkforceis
also the objective of the state program, the
Millennium Workforce Development Inititive.
In connection with the subgroup for Environ-
mental Scienceand Technology under this
initiative, internshipsfor sudentsat environmen-
tal companiesarebeing set up, and training for
theseinterns(e.g. Hazardous Waste Operations
and Emergency Response, HAZWOPER) is
being offered. Theseinternshipsprovide
studentswith the skillsto enter theworkforce
and the skillsneeded to strengthen the environ-
mentd industry inHawali.

INFORMATION DISSEMINATION AND
OUTREACH

Theprimary objectiveof the Information
Dissemination and Outreach component isto
provideformal training to educators, govern-
ment agencies, and thegenera public on ad-
vancesin bioremediation, and increase public
awareness of thesocia and economic benefits
of environmental restoration through agriculture-
based bioremediation. Two new courses
offering hands-ontrainingin bioremediation
have been devel oped at the University of
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Figure3. (Left) Teacherslearn about research projectsbeing done at the University of Hawaii.
(Right) Teachersassembleanatura wastetreatment system using plants, rocks, and mud.

Hawaii. Thetwo coursesdiffer intheir audi-
ence; one coursewas devel oped for el ementary,
middleand high school teachers, and the other
for students pursuing engineering careers. The
classfor teachersincludesfield tripsto
bioremediation projects; classroom activitieson
composting, oil spill bioremediation, water
testing, and building modd ecosystemsthat can
break down wastes; and guest speakerswho
lectureon soils, microbes, plants, naturd history
of theidands, and traditional Hawaiian practices
that crossover with the principlesof
bioremediation (Figure 3). Theobjectiveof the
classistotrainteachersto incorporate aproject
and/or activities, related to bioremediation, into
their classrooms. A network of teachersis
devel oped during the summer session, and
teachersmay use each other and speakersfrom
the classasresourceswhen needed. Theclass
concludesat the end of the school year, when
teacherspresent (sometimeswith their sudents)
their projectsand other activitiesthat they have
donethroughout theyear to their peersand
other faculty andindustria partners. Duringthis

past year, teachers also presented their
projectsto professionalsfrom government and
industry at aprofessional conferenceand at the
dedication of anew industrial wastewater
treatment facility.

The bioremediation coursedesigned for
engineering studentscoversregulatory, and
scientificand designissuesfor implementinga
bioremedi ation technol ogy in the cleanup of
contaminated sites. Students|earn about the
Resource Conservation and Recovery Act and
other regulationsthat have accel erated the need
for thistypeof technology. They learn about
s0il, microorganisms, and the complex chemistry
and biochemistry that areinvolved. They dso
learn about thevarious designs of systemsthat
use bioremediation, and the mechanisms, such
asdiffusonandflow, that affect the efficiency of
those systems. Thelaboratory portion of this
classincludestesting of important parameters
withinthe soil and their effectson biodegrada
tion. Thestudentsasovisit actud sysemsthat are
remediating contaminated aguifers (Figure4).

Student bioremediation research projects
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Figure4. (Left) Studentsobservethemicrobesthat “ dothework” in bioremediation. (Right) Students
visit aphytoremediation treatment unit being used to remedite apesticide-contaminated aguifer.

arealso being carried out at the secondary and
collegeleve. Aspart of asenior engineering
design classinthebiosystemsengineering
department, studentsdesign novel systemsof
utility for red-life problems. Oneexampleof a
bioremediation-related project isthedesign of a
biofilter for thetreatment of fumesfroma
paintingfacility. Thestudentidentifiedthe
compostion of thefumestraveling throughthe
system, how they degraded, what remained, and
designed abiofilter to trap and treat the products.

Some of the secondary school teachers
who wereenrolledinthebioremediation class
had students compl ete research projectsafter
learning about bioremediation. Studentsde-
signed systemsthat treated aguaculture waste
using hydroponics systemsand aguatic plants.
A systemthat will treat farm animal wasteby
composting the solidsand treating thewash-
down water with microbesand plantshasbeen
designed and isbeing assembl ed.

Other activitiesinclude professiona
development for faculty, and attendance of
professiona conferencesor other training
related to bioremediation. Activitiesthat support

Proceedings of the 2000 Confer ence on Hazar dous Waste Resear ch

such servicesas contaminant analysisand
eliminaing deficiencieswithintheandyticd area
areaready being undertaken. A collaborative
project with the city and county of Honolulu will
addressthe commercial use of compost pro-
duced from sewage dudge and green waste.

SUMMARY

A widevariety of activitieshasbeen
initiated asaresult of the Agriculture-Based
Remediation Program. Many of theseactivities
have aready demonstrated the economic
viability of thisemerging technology, and are
designed to build on the technology and devel op
the capabilitiesneeded to support a
bioremediationindustry in Hawaii. Theuniver-
sity, aspart of its Capacity Building and Out-
reach program, has successfully developed new
coursesand research projects, aswell partici-
pated in avariety of other activitieswhichare
helpingto 1) familiarizethe public and private
sector about bioremediation; and 2) builda
workforcethat isknowledgeable and capabl e of
implementing thisnew technology intheenviron-
menta indudtry.
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